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Introduction
The effective support systems having a high load capacity and low weight is possible to create by using thin-walled elements. Identification and quantification of plastic deformation in thin-walled structural elements is important for localizing the places of possible violations [1] . It allows prediction of failures particularly in areas of stress concentration and is a source of information for assessing the durability of structural elements of structures [2] , [3] . Cold forming of steel sheets is very often applied in the manufacture of moldings and enables to obtain different shapes and sizes of specimens which are most often used in automotive and consumer industries, construction etc. In order to reduce weight of bearing systems are recently widely used new steels, which are characterized by increased strength characteristics. The article is focused on identification the stress fields related to strain fields by using digital image correlation (DIC) and to verify the results obtained using the finite element method (FEM) [4] , [5] .
Selected Methods of Processing
For the experimental analysis was applied DIC method by using a 3D procedures, while some measurements were performed at Arts et Métiers ParisTech in Châlons-en-Champagne (France).
For the processing of measurement results was used the virtual fields method in the application of the programs Vic 3D, Camfit, Matlab, Cosmos DesignStar and Abaqus. Parameters obtained by Camfit were used in the Matlab to determine the stress fields from the strain fields of steel sheets. Then stress fields thus obtained were compared by finite element method.
In the case of classical visual correlation are deformations of an object for observation obtained by CCD camera. In the process of digital image correlation determines the displacement and / or rotation and curvature of small elements called facets, determined in the reference image. Correlation algorithms can determine the point of maximum displacement with accuracy up to 1/100 pixel2. This approach enables the identification of the object deformation in a parallel plane to plane of the camera image. The spatial deformation analyses are used by two cameras. When an object is observed from two different directions, the position of each object point is focused on a pixel in the plane of the camera. If the position of both cameras to each other, zoom lenses and all the image parameters are known, we can calculate the absolute three-dimensional coordinates of each point on the surface of an object in space (Fig. 1) .
If coordinates of all points of the surface of the object are known, we can determine the spatial contour of the surface in all areas observed by both cameras.
The structure of the object must be sufficient to be able to correlate the identical points of both cameras. Therefore we need before the measurement sprayed black and white paint structure on the surface of the specimen (Fig. 1) .
The correlation algorithm is based on the gray values of the model structure monitoring. Once the spatial shape is determined, then the next step is determination of three-dimensional deformation of the object surface. This process is performed by correlation of the images, captured by both cameras at each step of measuring with reference frames captured for example at zero step. Fig. 2 shows the element displacement vector of the object surface. Center P was shifted from the reference position to the deformed position v. In addition, the element surface was rotated, inclined and curved. If displacement vectors of all points and reference outline are known, then it is possible to calculate the relative deformation. These can be determined directly by derivative of adjoining points displacements or by analysis of local facets bending, which were used to correlation. For the solution was applied the virtual fields method, which Camfit program uses to determine the results obtained from an experimental procedure to identify the material properties of sheet metal. The most of the elaboration of this method and its application to solving problems of stress and deformation analysis deserved Grédiac and Pierron, and its theoretical foundations and principles are described in detail in the literature [6] .
Let's present the procedure listed above on notched specimen (Fig.3) , which was used for experimental analysis of strain and stress fields in the elasto plastic area. Suppose that the sample is loaded with tensile force F acting on its axis. Due to the symmetry we choose coordinate system beginning in the middle of the sample. For simplicity, we assume that the sample material is isotropic. So by the previous procedure we will determine two material parameters (physical constants), D11 and D12, provided that samples have constant strain along their thickness. For this case it is necessary to choose two kinematically admissible virtual fields for the virtual displacements δu(1) and δu(2). The first very simple virtual field define fields of virtual displacement in the direction of load and for this case is for equation (1) which embodies the principle of virtual work, we get two equations of the form Relations (3) and (4) indicate a set of two independent linear equations for the calculation of the unknown material parameters D11 and D12. 
The second virtual displacement field is chosen so that it is independent of the first virtual displacement field, which are intended relationships (2). 
If we apply the virtual displacement fields for equations (1) and (2) in relation 
Measuring by Two CCD Cameras
For the analysis of deformation of thin-walled elements was selected notched specimen with the geometry and dimensions as shown in the Fig. 4 .
The mechanical properties of the notched specimen obtained by tensile test in the direction of rolling are shown in the Tab. 1. Specimen was made from isotropic steel, which is characterized by increased strength properties. Measurements were realized at Arts et Métiers ParisTech in Châlons-en-Champagne (France) by two high-speed CCD cameras JAI Pulnix TM -4000 CL, which measured displacement fields on the surface of notched specimen, which was loaded by a hydraulic tensile machine INSTRON 8801 [7] . Strain fields ε y in the gradual increase in all range of movement of traverse, which allows us to monitor the development of plastic deformation in notched specimen are shown in the Fig. 6 . The results obtained by DIC were then processed by Camfit [8], which is a GUI Matlab® based software implementing the Virtual Fields Method. It can deal with linear elasticity (isotropic and orthotropic) as well as simple elastoplasticity. Theoretical background of the virtual fields method is given in [9] , [10] .
Values of displacements ux and uy were exported from Vic 3D and they correspond to values of forces in each slide. The strain fields εx, εy and γxy (Fig. 7) were calculated from this displacement fields and they can be compared with those obtained by Vic 3D (Fig. 5) . Comparing the results shown in Tab. 2 and Tab. 1 we can see that the yield stress obtained by Camfit for elasto plastic area is essentially identical to the yield stress obtained by normalized tensile test. Other obtained parameters of the sheet material properties of plastic deformation listed in the Tab. 2 are used as an input for the identification of stress fields in the elasto plastic area [11] . Parameters obtained by Camfit in elasto plastic area were processed by Matlab [12] and course of stress field σy for this specimen is shown in the Fig.  8 . Stress fields σx, σy, τxy obtained by Matlab for displacement 3.8 mm [13] , [14] are shown in the Fig. 9 .
Within the problem solution a comparative numerical calculations of stresses in an elasto plastic
Conclusion
For the determination of strain fields on the sample surfaces was used digital image correlation and scanning frequency was defined as one frame at one displacement of traverse. Before realization of experiment classical standardized tensile tests were accomplished, where was obtained the yield stress of given materials and material properties listed in Tab 
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Results of the stress fields σx, σy and τxy obtained by Abaqus for load which corresponds to the displacement traverse 3.8 mm are shown in the Fig. 11 . Consequently, it is impossible to compare results obtained numerically shown in Fig. 10 and Fig. 11 with results obtained from experiments which are shown in the Fig. 9 . 
